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Introduction {#sec005}
============

Antiarrhythmic drug therapy is considered as a first line treatment for the management of atrial fibrillation (AF). Antiarrhythmic drugs (AAD), however, do not reduce the adverse clinical outcomes in AF patients \[[@pone.0163755.ref001]\] and are associated with serious side effects \[[@pone.0163755.ref001]--[@pone.0163755.ref003]\]. The maintenance rate of sinus rhythm is also disappointing \[[@pone.0163755.ref001]\]. Since the 2000's, electrical pulmonary vein isolation (PVI) through radiofrequency catheter ablation (RFCA) has emerged as a new treatment option for drug refractory AF \[[@pone.0163755.ref003]--[@pone.0163755.ref007]\]. Several trials have also studied the efficacy of RFCA in AAD naive patients \[[@pone.0163755.ref008]--[@pone.0163755.ref010]\]. Although these studies have demonstrated a superiority of RFCA in maintaining sinus rhythm in AF patients, current available trials indicate that both AAD and RFCA do not reduce the mortality or serious complications such as stroke \[[@pone.0163755.ref001], [@pone.0163755.ref006], [@pone.0163755.ref009]--[@pone.0163755.ref011]\]. Consequently, reducing AF-related symptoms and improving the quality of life (QoL) is the cornerstone of AF treatment \[[@pone.0163755.ref012], [@pone.0163755.ref013]\].

The QoL, at first glimpse, is rather abstract. However, through a systematic questionnaire and direct questioning, the QoL can be quantified \[[@pone.0163755.ref012]--[@pone.0163755.ref014]\]. Several questionnaires and scoring systems are available to evaluate the QoL in AF patients such as the SF-36, SF-12, EuroQoL, AF-QoL, EHRA AF symptom scale, and AFQLQ \[[@pone.0163755.ref014]\]. Among those scoring systems, the short form-36 (SF-36) is the most widely validated system and extensive studies have used the SF-36 to assess the QoL in AF patients \[[@pone.0163755.ref014]\]. The SF-36 scoring system is measured through a 36-item questionnaire and consists of eight components: general health, physical functioning, physical role, bodily pain, mental health, social functioning, emotional role, and vitality \[[@pone.0163755.ref015]\]. Standardized scores ranging from 0 (worst health) to 100 (best health) are provided for each component. The SF-36 scoring system also generates a physical component summary score (PCS) and mental component summary score (MCS) based on its eight components.

Based on the data from recent clinical trials, RFCA is likely to be associated with a significant improvement in both the PCS and MCS \[[@pone.0163755.ref004], [@pone.0163755.ref005], [@pone.0163755.ref009], [@pone.0163755.ref010]\]. However, only a few studies have studied the QoL as a primary end-point and the degree of the improvement in the PCS and MCS varies between study to study. Therefore, a pooled analysis of the available studies describing the relationship between RFCA and the changes in the PCS and MCS may provide critical and clinically useful information with respect to performing RFCA in AF patients. We performed a systematic review and meta-analysis of the studies to elucidate the effect of RFCA on the QoL in AF patients measured with SF-36. We also evaluated the importance of the treatment success (no AF recurrence after RFCA) on the QoL in AF patients undergoing RFCA.

Methods {#sec006}
=======

Search strategy {#sec007}
---------------

A comprehensive systematic search was performed by two investigators (Y.G.K and J.M.S) using the Pubmed ([www.pubmed.gov](http://www.pubmed.gov/)) and Scopus ([www.scopus.com](http://www.scopus.com/)). US National Institutes of Health registry of clinical trials ([www.clinicaltrials.gov](http://www.clinicaltrials.gov/)) and conference proceedings from the American College of Cardiology, European Society of Cardiology, and American Heart Association were also checked. After performing the electronic search, a manual examination of the bibliographies of the included articles, review articles, meta-analyses, and editorials was conducted. The main key words used for the electronic search were *atrial fibrillation*, *AF*, *A-fib*, *ablation*, *SF-36*, *short form-36*, *and short form 36*. The exact search strategies are presented in [S1 Table](#pone.0163755.s007){ref-type="supplementary-material"}. Searches were not restricted by language, country, study period, study design, or sample size. The last search was performed in December 2015.

Study selection {#sec008}
---------------

In order to select studies appropriate for the meta-analysis, two authors (Y.G.K and J.M.S) independently identified duplicates, reviewed titles and abstracts, and ruled out irrelevant articles. Subsequently, a full article review was conducted on the studies with possible inclusion to determine their eligibility. Disagreements between the authors were resolved by discussion.

Studies reporting the results of the PCS and MCS before and after RFCA in AF patients were included for the analysis. All types of AF (paroxysmal, persistent, long-standing, and permanent) were eligible for the analysis. Studies were excluded if they had only the pre-RFCA or post-RFCA scores of the SF-36. Studies evaluating the QoL in AF patients receiving surgical ablation, nodal ablation, AAD, or cryoablation were also excluded. In addition, studies regarding RFCA of atrial flutter complicating AF were not included.

Data extraction and quality assessment {#sec009}
--------------------------------------

The summarized data of each published article were collected for the analysis. Data were extracted through a standardized form, which was in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement \[[@pone.0163755.ref016]\]. The following items were gained from the individual studies included for the analysis: journal name, author name, publication year, study design, type of AF, percentage of each AF type, exact type of ablation, success rate of RFCA, complications related to RFCA, anticoagulation regimen, whether AF patients were refractory to prior AAD, demographic and clinical information of the study patients (mean age, sex, left atrial size, left ventricular ejection fraction, and duration of AF), pre-RFCA and post-RFCA SF-36 scores (PCS & MCS), and the time interval between the pre-RFCA and post-RFCA SF-36 scores. If the PCS and MCS of the treatment success and failure group were both available, the scores were collected separately in addition to the whole cohort results. The mean, standard deviation (SD), sample size, paired sample *p*-value (pre-RFCA vs. post-RFCA), and independent sample *p*-value (treatment success group vs. AF recurrence group) were collected for both the PCS and MCS. The Newcastle-Ottawa scale was utilized to assess the quality of eligible non-randomized observational studies. However, we did not exclude individual studies based on the results of the Newcastle-Ottawa scale.

Statistical analysis {#sec010}
--------------------

The primary analysis evaluated whether the post-RFCA PCS and MCS were better than the pre-RFCA scores. The pre-RFCA and post-RFCA scores are basically a paired sample, since it is drawn from the same patients, and we performed a meta-analysis comparing the paired data (pre and post mean scores). In order to calculate the effect size of the individual studies, either of two combinations of raw data were needed: (i) the means of the PCS or MCS (both pre-RFCA and post-RFCA), sample size, and a paired *p*-value; or (ii) the mean differences of the PCS or MCS (between pre-RFCA and post-RFCA), sample size, and a paired *p*-value. Studies that provided only the means, SD, and sample size were not able to calculate the effect size since a meta-analysis of paired continuous variables requires correlation coefficient of the paired data (correlation coefficient of pre-RFCA and post-RFCA scores in our case). The secondary analysis investigated whether the treatment success had any effect on the ΔPCS and ΔMCS. The ΔPCS and ΔMCS were extracted separately for the treatment success group and AF recurrence group from the individual studies. A meta-analysis of the independent group continuous data was performed since the treatment success and failure groups were independent of each other. The required combination of the raw data were as follows: (i) the ΔPCS and ΔMCS of each group, SD of the ΔPCS and ΔMCS of each group, and sample size of each group; and (ii) the ΔPCS and ΔMCS of each group, sample size of each group, and an independent *p*-value. For all analyses, the upper limit of the *p*-values were used whenever reported as a range (for example, a value of 0.001 was used for the calculation if the *p*-value was reported as \<0.001).

A random effects model was used to calculate the overall effect size (weighted mean difference \[WMD\]), 95% confidence intervals, and *p*-values. The statistical heterogeneity was quantified with the *I*^*2*^ statistics using a fixed effect model. The possibility of a publication bias was evaluated through a funnel plot analysis. A Begg and Mazumdar's rank correlation test and Egger's regression intercept test were performed in addition to a visual estimation of the asymmetry. If a visual asymmetry of the funnel plot was suspected or the Begg's and Egger's test indicated the presence of a publication bias, Duval and Tweedie's trim and fill method \[[@pone.0163755.ref017]\] was used to estimate the number of possible missing studies and calculate the adjusted overall effected size as if these missing studies were present. A fixed effect model was used to estimate the number of missing studies and a random effects model was used to calculate the adjusted overall effect size since previous reports indicated that fixed-random model performs better than fixed-fixed model or random-random model \[[@pone.0163755.ref018]\]. The influence of the individual studies was evaluated through a separate meta-analysis removing each individual study one at a time. A cumulative meta-analysis of the included studies ordered by publication year was also performed. The cumulative meta-analysis is a repetitive performance of the meta-analysis whenever a new study is added. Therefore, the cumulative meta-analysis sorted by publication year (the most remote study included first and most recent study last) might reveal temporal trends in the outcome measures. The present meta-analysis was performed under compliance with the PRISMA guidelines ([S1 Fig](#pone.0163755.s001){ref-type="supplementary-material"}). Statistical analyses were performed with the Comprehensive Meta-Analysis software (Biostat, Englewood, NJ, USA). A *p*-value less than 0.05 was considered to indicate statistical significance. The review protocol has not been registered.

Results {#sec011}
=======

Search results {#sec012}
--------------

A total of 470 studies were identified by the initial search strategy. The titles and abstracts were screened and 52 articles were retrieved for the full text review. After the full text review process and eligibility assessment, 16 articles meeting the inclusion criteria were selected for the final analysis ([Fig 1](#pone.0163755.g001){ref-type="fig"}) \[[@pone.0163755.ref019]--[@pone.0163755.ref034]\]. Among those 16 studies, 13 were available for the pre-RFCA vs. post-RFCA analysis and 5 studies for the treatment success group vs. AF recurrence group analysis. The baseline characteristics of the included studies are summarized in Tables [1](#pone.0163755.t001){ref-type="table"} and [2](#pone.0163755.t002){ref-type="table"}. Thirteen studies used for the pre-RFCA vs. post-RFCA analysis consisted of 1,681 AF patients. All patients were resistant to at least 1 AAD. Only paroxysmal AF patients were evaluated in 7 studies. PVI was performed in all studies and an additional linear or complex fractionated atrial electrogram (CFAE) ablation was performed in 4 studies. The rate of a successful ablation (no AF recurrence) ranged between 56% to 89%. Five studies used for the treatment success vs. AF recurrence analysis consisted of 2,512 AF patients resistant to at least 1 AAD. There were two studies that evaluated only paroxysmal AF or long-standing persistent (≥ 1 year duration) AF. PVI was performed in all 5 studies. The treatment success rates were between 57% to 87%. The results of the Newcastle-Ottawa Scale are presented in [S2 Table](#pone.0163755.s008){ref-type="supplementary-material"}. Complication rate after RFCA varied between 0% to 26% and specific complications of each study are summarized in [S3 Table](#pone.0163755.s009){ref-type="supplementary-material"}. All studies included in the analysis used warfarin as an anticoagulant except for one study which used warfarin or dabigatran based on the operator's discretion. Anticoagulation regimen of each study before and after RFCA is summarized in [S4 Table](#pone.0163755.s010){ref-type="supplementary-material"}.

![Study selection process.\
The flow diagram is depicted in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. AF: atrial fibrillation; SF-36: short form-36; RFCA: radiofrequency catheter ablation.](pone.0163755.g001){#pone.0163755.g001}

10.1371/journal.pone.0163755.t001

###### Baseline characteristics of the included studies: pre-RFCA vs. post-RFCA.

![](pone.0163755.t001){#pone.0163755.t001g}

  Source (Year)                Study design                                               Type of AF                                                Prior treatment with AAD   Mean duration of AF (year)   Procedure type                                                                                           Successful ablation of AF   Follow up measurement of SF-36 (month)   Number of patients   Age (Year)    Mean LA diameter (mm)   Major exclusion criteria
  ---------------------------- ---------------------------------------------------------- --------------------------------------------------------- -------------------------- ---------------------------- -------------------------------------------------------------------------------------------------------- --------------------------- ---------------------------------------- -------------------- ------------- ----------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Tada et al. (2003)           Observational study                                        Paroxysmal                                                Y                          6.5 ± 6.8                    SPVI                                                                                                     56%                         6                                        50                   58 ± 7        40 ± 7                  NR
  Pürerfellner et al. (2004)   Observational study                                        Paroxysmal                                                Y                          6.3 ± 5.4                    SPVI                                                                                                     89.3%                       6                                        61                   52.6 ± 10.8   42 ± 6                  Significant underlying heart disease
  Cha et al. (2008)            Observational study                                        Paroxysmal (52%), Persistent or Permanent (42%)           Y                          6.4 ± 5.9                    CPVI (57%), WACA (42%)                                                                                   83.6%                       12                                       432                  54 ± 10       NR                      NR
  Carnlöf et al. (2010)        Observational study                                        Paroxysmal, Persistent                                    Y                          NR                           PVI                                                                                                      NR                          6                                        34                   53 ± 9        NR                      NR
  Wokhlu et al. (2010)         Observational study                                        Paroxysmal (51%), Persistent (35%), Long-standing (13%)   Y                          6.6 ± 5.9                    CPVI (22%), WACA (78%)                                                                                   87%                         24                                       323                  55.9 ± 10.3   NR                      NR
  Reynolds et al. (2010)       Observational study[\*](#t001fn001){ref-type="table-fn"}   Paroxysmal                                                Y                          3 (2--8)                     CPVI + Linear ablation, CFAE ablation, Cavotricuspid isthmus ablation (based on operator's decision)     66%                         3                                        97                   55.5 ± 9.4    40.0 ± 1.1              Ejection fraction of less than 40%, previous ablation for AF, myocardial infarction within the previous 2 months, severe pulmonary disease
  Pappone et al. (2011)        Observational study[\*](#t001fn001){ref-type="table-fn"}   Paroxysmal                                                Y                          6 ± 4                        CPVA + Cavotricuspid isthmus ablation                                                                    72.7%                       48                                       99                   55 ± 10       40 ± 6                  Persistent AF, Left atrial diameter \> 65 mm, LVEF \< 35%, heart failure symptoms
  Höglund et al. (2013)        Observational study                                        Paroxysmal (50%), Persistent (48%), Long-standing (2%)    Y                          NR                           SPVI (34%), wide antral circumferential isolation (41%), isolation with the multi-polar catheter (25%)   62%                         10                                       105                  58 ± 9        44 ± 7                  NR
  Mantovan et al. (2013)       Observational study[\*](#t001fn001){ref-type="table-fn"}   Paroxysmal (64%), Persistent (36%)                        Y                          7 ± 7                        WACA (32%), WACA + CFAE (34%), CFAE (34%)                                                                63.0%                       12                                       100                  57 ± 10       42 ± 6                  Patients with permanent atrial fibrillation, patients who have previously undergone atrial fibrillation ablation, patients with left atrial size \>55 mm
  Sang et al. (2013)           Observational study                                        Parosyxmal                                                Y                          7.5 ± 7.5                    CPVI, Cavotricuspid isthmus ablation (if atrial flutter was documented)                                  72%                         12                                       82                   55.9 ± 6.1    39.0 ± 5.9              Previous nonpharmacological interventions for AF, New York Heart Association functional class III or IV, myocardial infarction, cardiac surgery or transient ischemic attack/stroke within the previous 6 months
  Efremidis et al. (2014)      Observational study                                        Parosyxmal                                                Y                          4.9 ± 4.7                    WACA                                                                                                     71.9%                       6                                        57                   56.9 ± 12.2   40.4 ± 4.7              Left atrial diameter \>50 mm, systolic heart failure, persistent AF
  Natale et al. (2014)         Observational study[\*](#t001fn001){ref-type="table-fn"}   Parosyxmal                                                Y                          4.0 (1.4--7.1)               CPVI + Linear ablation, CFAE ablation, Cavotricuspid isthmus ablation (based on operator's decision)     74.0%                       12                                       117                  58.3 ± 10.9   38.5 ± 5.6              AF of more than 30 days in duration, ejection fraction \<40%, previous AF ablation, New York Heart Association functional class III or class IV, severe pulmonary disease
  Wynn et al. (2015)           Observational study[\*](#t001fn001){ref-type="table-fn"}   Paroxysmal (39%), Persistent (61%)                        Y                          5.5 ± 4.0                    WACA (49%), WACA + linear ablation (51%)                                                                 64.8%                       12                                       122                  61.9 ± 10.5   43 ± 6                  Long-standing (\>12 months) persistent AF, previous AF ablation, documented typical atrial flutter

\*: These studies were originally randomized clinical trials. However, since we used pre and post data of only RFCA arm, we classified these studies as observational studies.

AAD: antiarrhythmic drugs; AF: atrial fibrillation; CFAE: complex fractionated atrial electrogram; CPVA: circumferential pulmonary vein ablation; CPVI: circumferential pulmonary vein isolation; LA: left atrium; LVEF: left ventricular ejection fraction; NR: not reported; PVI: pulmonary vein isolation; RFCA: radiofrequency catheter ablation; SF-36: short form-36; SPVI: segmental pulmonary vein isolation; WACA: wide area catheter ablation.

10.1371/journal.pone.0163755.t002

###### Baseline characteristics of the included studies: Treatment success group vs. AF recurrence group.

![](pone.0163755.t002){#pone.0163755.t002g}

  Source (Year)           Study design          Type of AF                                                                 Prior treatment with AAD   Mean duration of AF (year)   Procedure type                                                                                         Successful ablation of AF   Follow up measurement of SF-36 (month)   Number of patients   Age (Year)    Mean LA diameter (mm)   Major exclusion criteria
  ----------------------- --------------------- -------------------------------------------------------------------------- -------------------------- ---------------------------- ------------------------------------------------------------------------------------------------------ --------------------------- ---------------------------------------- -------------------- ------------- ----------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Wokhlu et al. (2010)    Observational study   Paroxysmal (51%), Persistent (35%), Long-standing (13%)                    Y                          6.6 ± 5.9                    CPVI(22%), WACA(78%)                                                                                   87%                         24                                       323                  55.9 ± 10.3   NR                      NR
  Mohanty et al. (2012)   Observational study   Paroxysmal (29.3%), Persistent (26.3%), Long-standing persistent (44.4%)   Y                          NR                           PVI + Linear ablation, CFAE ablation, superior vena cava ablation                                      66.0%                       12                                       1496                 62.6 ± 9.4    43.2 ± 7.5              NR
  Sang et al. (2013)      Observational study   Parosyxmal                                                                 Y                          7.5 ± 7.5                    CPVI, Cavotricuspid isthmus ablation (if atrial flutter was documented)                                72%                         12                                       82                   55.9 ± 6.1    39.0 ± 5.9              Previous nonpharmacological interventions for AF, New York Heart Association functional class III or IV, myocardial infarction, cardiac surgery or transient ischemic attack/stroke within the previous 6 months
  Gu et al. (2013)        Observational study   Paroxysmal (34.7%), Persistent (34.4%), Long-standing persistent (30.9%)   Y                          4.9 ± 1.1                    CPVI + Linear ablation, CFAE ablation, Cavotricuspid isthmus ablation (based on operator's decision)   69.8%                       24                                       550                  64.2 ± 8.7    46.2 ± 3.3              NR
  Mohanty et al. (2014)   Observational study   Long-standing persistent                                                   Y                          6.4 (2.5--9)                 PVI + CFAE ablation + non-pulmonary vein trigger ablation                                              57%                         12                                       61                   62 ± 13       43.8 ± 7.8              NR

AAD: antiarrhythmic drugs; AF: atrial fibrillation; CFAE: complex fractionated atrial electrogram; CPVI: circumferential pulmonary vein isolation; LA: left atrium; LVEF: left ventricular ejection fraction; NR: not reported; PVI: pulmonary vein isolation; RFCA: radiofrequency catheter ablation; SF-36: short form-36; WACA: wide area catheter ablation.

Pre-RFCA vs. post-RFCA {#sec013}
----------------------

The raw data extracted from the individual studies for the effect size calculation are summarized in [Table 3](#pone.0163755.t003){ref-type="table"}. The pooled model showed significant improvements in both the PCS and MCS after the RFCA. The WMD was 6.33 (4.81--7.84; *I*^*2*^ = 52.9%; *p* \< 0.001; [Fig 2A](#pone.0163755.g002){ref-type="fig"}) for the PCS and 7.80 (6.15--9.44; *I*^*2*^ = 46.2%; *p* \< 0.001; [Fig 2B](#pone.0163755.g002){ref-type="fig"}) for the MCS. Visual asymmetries were suspected in the funnel plot analysis in both the PCS and MCS, which was supported by the Begg's and Egger's test (*p* \< 0.001; [S2 Fig](#pone.0163755.s002){ref-type="supplementary-material"}). To adjust for the possible confounding effects of a publication bias, a trim and fill method was utilized. There were no significant visual asymmetries in the trim and filled funnel plots and the adjusted WMD was 4.88 (3.28--6.48; [Fig 3A](#pone.0163755.g003){ref-type="fig"}) for the PCS and 6.26 (4.52--7.99; [Fig 3B](#pone.0163755.g003){ref-type="fig"}) for the MCS. In the meta-analysis with one study removed, there was no individual study that substantially influenced the overall effect size for both the PCS and MCS ([S3 Fig](#pone.0163755.s003){ref-type="supplementary-material"}). The cumulative meta-analysis did not show any temporal trends for the degree of improvement in both the PCS and MCS after RFCA ([S4 Fig](#pone.0163755.s004){ref-type="supplementary-material"}).

![Forest plots: pre-RFCA vs. post-RFCA.\
The pooled WMD of PCS **(A)** and MCS **(B)** are presented. The size of the black squares corresponds to the weight of each study included. The overall effect size was calculated with a random effects model. The raw data extracted from each study are described in [Table 3](#pone.0163755.t003){ref-type="table"}. CI: confidence intervals; MCS: mental component summary score; PCS: physical component summary score; RFCA: radiofrequency catheter ablation; WMD: weighted mean difference.](pone.0163755.g002){#pone.0163755.g002}

![Funnel plots: pre-RFCA vs. post-RFCA.\
Possible missing studies are imputed in addition to the original studies to adjust for the possible publication bias. The results of the trim and filled WMD of PCS **(A)** and MCS **(B)** are presented. MCS: mental component summary score; PCS: physical component summary score; WMD: weighted mean difference.](pone.0163755.g003){#pone.0163755.g003}

10.1371/journal.pone.0163755.t003

###### Raw data extracted from the individual studies: pre-RFCA vs. post-RFCA.

![](pone.0163755.t003){#pone.0163755.t003g}

  Source (Year)                PCS    MCS                                                                                           
  ---------------------------- ------ ------ ----- ----------- ----- ----- ----------- ------ ------ ----- ----------- ------ ----- -----------
  Tada et al. (2003)           43.8   48.8   50    \< 0.001                            40.8   47.8   50    \< 0.001                 
  Pürerfellner et al. (2004)   45.4   51.7   61    \< 0.0001                           44.5   51.7   61    \< 0.0001                
  Cha et al. (2008)            59.0   77.0   432   \< 0.01                             66.0   79.0   432   \< 0.01                  
  Carnlöf et al. (2010)        40.1   47.5   36    \< 0.001                            38.2   49.3   36    \< 0.001                 
  Wokhlu et al. (2010)         58.8   76.2   323   \< 0.001                            65.3   79.8   323   \< 0.001                 
  Reynolds et al. (2010)                                       6.9   97    \< 0.0001                                   8.5    97    \< 0.0001
  Pappone et al. (2011)        44.4   52.3   99    \< 0.001                            43.7   52.9   99    \< 0.001                 
  Höglund et al. (2013)        39.8   43.9   105   0.003                               41.7   47.6   105   \< 0.0001                
  Mantovan et al. (2013)       47.9   55.7   100   \< 0.0001                           33.4   37.4   100   0.0001                   
  Sang et al. (2013)                                           9.5   82    \< 0.001                                    11.8   82    \< 0.001
  Efremidis et al. (2014)      68.0   78.2   57    \< 0.001                            65.1   79.2   57    \< 0.001                 
  Natale et al. (2014)                                         3.5   117   \< 0.0001                                   8.1    117   \< 0.0001
  Wynn et al. (2015)           44.7   47.9   122   0.07                                45.7   52.0   122   \< 0.001                 

MCS: mental component summary score; PCS: physical component summary score; RFCA: radiofrequency catheter ablation.

Since the studies included in the meta-analysis showed significant variations in the treatment success rate, we performed a subgroup analysis between the high success rate group (≥ 70%) vs. low success rate group (\< 70%). In the PCS, the pooled WMD was 8.15 (5.02--11.28) for the high success rate group and 5.21 (3.67--6.75) for the low success rate group. The *p*-value for between group heterogeneity was 0.098 ([Fig 4A](#pone.0163755.g004){ref-type="fig"}). The MCS had a more obvious difference between the 2 groups. The pooled WMD was 9.18 (7.18--11.19) for the high success rate group and 5.73 (4.17--7.29) for the low success rate group (*p =* 0.008; [Fig 4B](#pone.0163755.g004){ref-type="fig"}). No statistically significant subgroup differences were identified in terms of the AF type (*p* = 0.705 for PCS, 0.474 for MCS; Figure A in [S5 Fig](#pone.0163755.s005){ref-type="supplementary-material"} file) and procedure type (*p* = 0.159 for PCS, 0.128 for MCS; Figure B in [S5 Fig](#pone.0163755.s005){ref-type="supplementary-material"} file).

![Subgroup analysis according to the treatment success rate.\
Studies that reported a treatment success rate over 70% showed a trend toward a better improvement in the PCS **(A)** and a significantly better improvement in the MCS **(B)**. CI: confidence intervals; MCS: mental component summary score; PCS: physical component summary score; RFCA: radiofrequency catheter ablation.](pone.0163755.g004){#pone.0163755.g004}

Treatment success vs. AF recurrence {#sec014}
-----------------------------------

[Table 4](#pone.0163755.t004){ref-type="table"} summarizes the raw data extracted from the individual studies to calculate the overall effect size. The baseline PCS and MCS would directly affect the post-RFCA PCS and MCS. Furthermore, there is a possibility that the baseline PCS and MCS might also influence the treatment success rate. Consequently, comparing the post-RFCA PCS and MCS between the non-recur group and recur group might result in an erroneous interpretation. In order to resolve this problem, we compared the ΔPCS and ΔMCS between the non-recur group and recur group. The pooled analysis revealed a significant difference in the WMD for both the ΔPCS and ΔMCS between the non-recur group and recur group. The WMD was 7.46 (4.44--10.49; *I*^*2*^ = 80.8%; *p* \< 0.001; [Fig 5A](#pone.0163755.g005){ref-type="fig"}) for the ΔPCS and 7.59 (4.94--10.24; *I*^*2*^ = 74.3%; *p* \< 0.001; [Fig 5B](#pone.0163755.g005){ref-type="fig"}) for the ΔMCS, all favoring the non-recur group. A visual analysis of the funnel plot of the ΔPCS and ΔMCS indicated a possible publication bias although both the Begg's (*p =* 0.624, 0.624 respectively) and Egger's (*p* = 0.450, 0.694 respectively) tests were not statistically significant. The trim and fill method was applied and the adjusted WMD was 6.30 (3.51--9.09; [Fig 6A](#pone.0163755.g006){ref-type="fig"}) for ΔPCS and 8.91 (5.97--11.85; [Fig 6B](#pone.0163755.g006){ref-type="fig"}) for ΔMCS. There was no significant change in the pooled WMD of the ΔPCS & ΔMCS after removing each study one at a time ([S6 Fig](#pone.0163755.s006){ref-type="supplementary-material"}).

![Forest plots: treatment success vs. AF recurrence.\
The pooled WMD of ΔPCS **(A)** and ΔMCS **(B)** are presented. The size of the black squares corresponds to the weight of each study included. The overall effect size was calculated with a random effects model. The raw data extracted from each study are described in [Table 4](#pone.0163755.t004){ref-type="table"}. AF: atrial fibrillation; CI: confidence intervals; MCS: mental component summary score; PCS: physical component summary score; WMD: weighted mean difference.](pone.0163755.g005){#pone.0163755.g005}

![Funnel plots: treatment success vs. AF recurrence.\
A visual asymmetry was suspected in the funnel plot analysis of the ΔPCS **(A)** and ΔMCS **(B)**. After applying the trim and fill method, possible missing studies were imputed. Original and adjusted WMDs are presented. AF: atrial fibrillation; MCS: mental component summary score; PCS: physical component summary score; WMD: weighted mean difference.](pone.0163755.g006){#pone.0163755.g006}

10.1371/journal.pone.0163755.t004

###### Raw data extracted from the individual studies: Treatment success group vs. AF recurrence group.

![](pone.0163755.t004){#pone.0163755.t004g}

  Source (Year)           PCS    MCS                                                                                 
  ----------------------- ------ ------ ----- ------ ------ ----- ---------- ------ ------ ----- ------ ------ ----- ----------
  Wokhlu et al. (2010)    16.6   17.4   224   13.7   18.9   99               13.1   16.6   224   11.8   19.8   99    
  Mohanty et al. (2012)   6.8    3.8    988   1.2    13.2   508              11.0   6.6    988   2.7    11.0   508   
  Sang et al. (2013)      11.4          53    -0.9          29    \< 0.001   13.2          53    -0.1          29    \< 0.001
  Gu et al. (2013)        11.0   11.3   384   1.3    8.5    166              9.9    10.7   384   0.1    9.6    166   
  Mohanty et al. (2014)   8.0    16.0   36    -3.0   19.0   25               6.0    20.0   36    2.0    18.0   25    

AF: atrial fibrillation; MCS: mental component summary score; PCS: physical component summary score; SD: standard deviation.

Discussion {#sec015}
==========

We performed a systematic review and meta-analysis that evaluated the relationship between RFCA and the patient QoL in AF patients. To the best of our knowledge, this is the first meta-analysis with a focus on investigating whether performing RFCA and achieving treatment success are associated with an improved QoL in AF patients. The principal findings of our study are as follows: (i) RFCA of the pulmonary veins significantly improved both the PCS and MCS. The WMD (pre-RFCA vs. post-RFCA) of the PCS and MCS were 6.33 and 7.80, respectively; (ii) Patients who were successfully treated with RFCA had a greater improvement in both the PCS and MCS compared to those who had AF recurrences. The WMD between the treatment success group and AF recurrence group was 7.46 and 7.59 for the ΔPCS and ΔMCS, respectively.

A 5 point increase in the SF-36 score is known to represent a clinically significant improvement \[[@pone.0163755.ref021], [@pone.0163755.ref035]\]. Of note, the PCS and MCS are T-scores with a mean of 50 and SD of 10. Since the WMD ranged between 6.33 and 7.80, our analysis suggests that RFCA significantly improves the PCS and MCS in the AF patients and the treatment success is important for the QoL outcomes. In this meta-analysis, the overall effect size (WMD) was actively adjusted through a trim and fill strategy whenever a publication bias was suspected. The influences of the individual studies were also searched thoroughly.

RFCA and the patient QoL {#sec016}
------------------------

The prevalence rate of AF is estimated to be 1--2% of the general population \[[@pone.0163755.ref036]\]. In 2001, Go et al. anticipated that the number of AF patients in the United States would be 5.6 million by the year 2050 \[[@pone.0163755.ref037]\]. In 2006, however, Miyasaka et al. reported that the age adjusted incidence rate of AF had significantly increased during 1980 to 2000 in Olmsted County and based on this epidemiologic shift, the total number of AF patients in the United Stated was estimated to be 10 million in 2050 \[[@pone.0163755.ref038]\]. This widely prevalent disease, which is anticipated to be even more prevalent in the near future, is associated with an increased long-term risk of stroke, HF, and all-cause mortality \[[@pone.0163755.ref036], [@pone.0163755.ref039], [@pone.0163755.ref040]\]. Importantly, AF is not only associated with the long-term adverse clinical outcomes, but also with a significant impairment in the QoL \[[@pone.0163755.ref041], [@pone.0163755.ref042]\]. Dorian et al. reported that all 8 domains of the SF-36 were lower in the AF patients than healthy controls by 1.3 to 2.0 standard deviation units \[[@pone.0163755.ref041]\]. Furthermore, most patients with AF come to the clinics for the first time because of their symptomatic discomfort such as palpitations, dyspnea, and general fatigue, and their major interest is the elimination of AF-related symptoms. Unfortunately, antiarrhythmic drug treatment has not shown a consistent benefit in terms of improving the patient QoL \[[@pone.0163755.ref042], [@pone.0163755.ref043]\].

RFCA is rapidly emerging as an alternative treatment option for AF patients and has shown a reduced recurrence rate compared to AAD \[[@pone.0163755.ref004], [@pone.0163755.ref005], [@pone.0163755.ref028], [@pone.0163755.ref044]\]. Whether RFCA improves the QoL in AF patients has also been extensively investigated. Among the several instruments to measure the QoL in AF patients, the SF-36 is the most widely used and validated instrument \[[@pone.0163755.ref012], [@pone.0163755.ref014]\]. Although several studies assessed the impact of RFCA on QoL in AF patients using the SF-36, substantial proportions of studies have mainly focused on the treatment success rate rather than the improvements in the SF-36. Furthermore, the degree of change in the SF-36 score has varied from study to study and there have been no systematic reviews or meta-analyses of the SF-36 in AF patients undergoing RFCA. Since the primary purpose of performing RFCA in AF patients is to improve their QoL and to reduce AF-related symptoms, it is crucial to demonstrate whether RFCA improves the QoL, and if it does, elucidate the degree of improvement. Our data might provide a valid information to clinicians working in the field of AF.

Placebo effect vs. true treatment effect {#sec017}
----------------------------------------

Our meta-analysis and the individual studies included in the analysis suggested that RFCA improves the PCS and MCS of AF patients. However, the analysis is a pre and post RFCA comparison and a procedure related placebo effect cannot be completely ruled out because data of a sham procedure is not available. In order to exclude the possibility of procedure related placebo effect, comparing the treatment effect according to procedural success might be useful. We analyzed the WMD of the ΔPCS and ΔMCS in the treatment success group and AF recurrence group. Both the ΔPCS and ΔMCS were significantly higher in the treatment success group. Since the result of the procedure is associated with higher ΔPCS and ΔMCS, the effect of RFCA is more likely a true treatment effect rather than a placebo effect.

Pre-RFCA PCS and MCS might affect the treatment success rate. It is probable that patients with higher PCS and MCS are more likely to be in good general condition, have a shorter history of AF (and consequently smaller left atrial size), and lesser AF burden, all of which would lead to a higher treatment success rate. Consequently, the patients in the treatment success group are more likely to have higher post-RFCA PCS and MCS (since they are more likely to have better pre-RFCA scores) compared to the AF recurrence group which suggests that post-RFCA PCS and MCS do not fully reflect the treatment effect of RFCA. In order to resolve this problem, we compared the ΔPCS and ΔMCS rather than the post-RFCA PCS and MCS. By comparing the degree of improvement, we demonstrated that successful ablation is important for improving the QoL in AF patients.

Different types of AF and RFCA procedures {#sec018}
-----------------------------------------

In general, AF is categorized into paroxysmal (\< 7days), persistent (≥ 7days), long-standing (≥ 1 year), and permanent \[[@pone.0163755.ref036]\]. Paroxysmal AF is more suitable for catheter ablation since most of abnormal electrical signals originate from the pulmonary veins \[[@pone.0163755.ref045]\]. AF other than paroxysmal, however, is more difficult to manage and the results of RFCA are less favorable \[[@pone.0163755.ref034], [@pone.0163755.ref046]\]. In order to overcome this problem, several ablation techniques, such as creation of linear lesions and focal ablation of complex activity, are often used in addition to PVI. A recent randomized trial, however, showed that adding linear ablation or focal ablation of complex activity to PVI offered no benefit in terms of AF recurrence \[[@pone.0163755.ref045]\]. Our subgroup analysis also indicated that linear ablation or focal ablation of complex activity performed in addition to PVI did not improve the PCS or MCS. However, all studies included in our analysis were observational studies and addition of linear ablation or focal ablation was based on the operator's decision rather than obligational in 2 studies. Our results should be interpreted with caution.

Limitations {#sec019}
-----------

There are several limitations to this analysis that should be considered. First, the studies included for the meta-analysis had different protocols such as the follow up duration and exact type of ablation procedure. Second, this was a study-level meta-analysis and we were not able to adjust for the patient-level confounders such as age, sex, body mass index, diabetes, left atrial size, etc. Consequently, a subgroup analysis of interest was limited. Third, the PCS and MCS were not available in a substantial amount of studies, and rather they only reported 8 components of the SF-36. In addition, several studies did not report a paired *p*-value of the PCS and MCS (pre-RFCA vs. post-RFCA). In studies that reported only the mean, SD, and sample size, it was not possible to calculate the effect size since a pre and post correlation, which is necessary for the effect size calculation, is almost never reported in the standard medical journals. Finally, we were not able to evaluate the clinical benefit of cryoablation in addition to RFCA, since there was no available article to do so.

Conclusion {#sec020}
==========

RFCA is likely to be associated with improvements in the PCS and MCS in drug-refractory AF patients. Patients without AF recurrence after RFCA had a greater improvement in both the PCS and MCS compared to those who experienced AF recurrence.
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**(A)** There was no significant difference in the pooled WMD of the PCS and MCS between studies including only paroxysmal AF vs. studies including various types of AF. **(B)** Performing additional procedures such as linear ablation or CFAE ablation was not associated with improved outcomes compared to performing pulmonary vein isolation only. AF: atrial fibrillation; CFAE: complex fractionated atrial electrogram; MCS: mental component summary score; PCS: physical component summary score; RFCA: radiofrequency catheter ablation; WMD: weighted mean difference.
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AAD

:   antiarrhythmic drugs

AF

:   atrial fibrillation

CFAE

:   complex fractionated atrial electrogram

MCS

:   mental component summary score

PCS

:   physical component summary score

PRISMA

:   Preferred Reporting Items for Systematic reviews and Meta-Analyses

PVI

:   pulmonary vein isolation

QoL

:   quality of life

RFCA

:   radiofrequency catheter ablation

SD

:   standard deviation

SF-36

:   short form-36

WMD

:   weighted mean difference.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: **Conceptualization:** YHK.**Data curation:** YGK.**Formal analysis:** JMS YGK.**Investigation:** JMS YGK.**Methodology:** JMS YGK.**Project administration:** YGK.**Resources:** YHK JIC.**Software:** YGK.**Supervision:** YHK JMS.**Validation:** YHK JIC.**Visualization:** YGK.**Writing -- original draft:** YGK.**Writing -- review & editing:** JMS YGK.
